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TITLE OF THE INVENTION 




METHOD AND APPARATUS FOR SELECTION OF 
PATHS ON A COMMUNICATION NETWORK 



FTFT n OF THF INVENTION 

The present invention relates to a method and apparatus for selecting paths to 
route incoming traffic through a data communication network in which a plurality of 
label switched paths between the ingress node and the egress node of the network are 
;? provided, and in which the incoming traffic at the ingress node is labeled and delivered 

;£i5 through the network to the egress node. 

Q RACK GROUND OF THE INVENTION 

^ Recently, there is a rapid growth of Internet communications since various 

!io Internet Protocol (IP)-based applications have become available. Multiprotocol Label 
n Switching (MPLS) is an evolving standard that is intended for such Internet applications. 

Multiprotocol Label Switching (MPLS) is a widely supported method of speeding 
up IP-based data communication over communication networks, such as asynchronous 
transfer mode (ATM) networks. As IP and ATM come together, the MPLS concept is to 
25 route a packet at the edge of the network and switch the packet in the core of the network. 
In other words, routers are used at the ingress and egress edges of the network, where 
their high levels of intelligence can be best jjstfl and where their inherent slowness can be 
tolerated. Switches are used in the core of the network, where they can take advantage of 
the intelligent routing instructions provided by the routers, and where their inherent speed 
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offers great advantage. 

In an MPLS network, an IP data stream enters the edge of the network, and the 
ingress router reads the full address of the first data packet and attaches a small label in 
the packet header, which precedes the packet. The ATM switches in the core of the 
network examine the much-abbreviated label, and switch the packet with much greater 
speed than if they were forced to consult programmed routing tables associated with the 
full IP address. All subsequent packets in a data stream are automatically labeled in this 
manner, and very quickly switched as they have been anticipated. 

In the MPLS scheme, a plurality of label switched paths (LSP) between the 
ingress node and the egress node on the network are provided, and a data packet with a 
fixed-size label attached is delivered on the plurality of LSPs. The routers at nodes of the 
MPLS network are called label switching routers (LSR) in this scheme. The label 
switching routers can deliver the incoming packet on the LSPs by reading the address 
information of the packet in the fixed-size label. By making use of the MPLS scheme, it 
is expected that the IP-based data communication over the communication networks can 
be speeded up and the concentration of traffic load on a specific path of the network can 
be avoided. 

Further, there has been of great interest in that the scheme of MPLS adaptive 
traffic engineering (often called MATE) has the potential for more effectively optimizing 
the use of network resources as compared with that in the conventional IP-based 
communication networks. In order to achieve this scheme, it is desired to provide a data 
communication network having a capability of selecting a plurality of paths passing 
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through a router at an arbitrary node of the network when transmitting data on the 
network. 

Further, the concept of the MPLS does not rely on the communication medium 
through which data is transmitted. In the above-described MPLS scheme, data 
5 communication may be carried out through any communication media, including an 
ATM network, a frame relay network, a point-to-point link, etc. In a case of the ATM 
network, the label provided by the MPLS scheme is attached in the VPI/VCO field of an 
ATM cell header. The ATM network is a high-speed scheme using the transmission of 
]% fixed-size cells and intended for broadband integrated services digital network (B-ISDN) 

iiJO services. The ATM network is currently implemented in various areas of the field and 
IV provided with an adequate capability of supporting quality-of-service (QOS) classes for 

! ^ the expected B-ISDN services. 

I s * In the existing IP packet-switched network, such as the Internet, the routing of an 

[% incoming packet through the network is determined according to the existing routing 

;3 5 protocol in a self-controlled manner. For example, the Open Shortest Path First (OSPF) 
algorithm is a typical one of the routing protocols that have been commonly used. The 
OSPF algorithm is a link-state routing algorithm that is used to calculate routes based on 
the number of routers, transmission speed, delays and route cost. When the OSPF 
algorithm is used as the routing protocol, the shortest path of the packet to its destination 
20 router on the network is automatically selected first. 

However, the above-mentioned routip^protocol, that is, selecting the shortest 
path on the network first, does not always result in an efficient use of the network 
resources. For example, when the channel capacity of the link on the selected shortest 



path is less than the data rate of the incoming packets, the traffic load on the shortest path 
becomes too heavy, which will cause a congestion condition of the path in the network. 

Further, in the case of the above-mentioned routing protocol, a single path for 
routing the packet to its destination router on the network is automatically selected. It is 
impossible that the above routing protocol is used to select two or more paths for routing 
the packet to its destination on the network. Hence, when the above routing protocol is 
used, it is difficult to disperse the incoming traffic load to the two or more paths within 
the network. 

Accordingly, it is an object of the present invention to provide a novel, useful 
method and apparatus for selection of paths to route an incoming traffic through a data 
communication network, which is capable of effectively dispersing the traffic load to the 
selected paths on the network and effectively optimizing the use of network resources. 

SUMMARY 

In order to overcome the above-described problems and achieve the above- 
described object of the present invention, the invention provides a method for selecting 
paths to route incoming traffic through a communication network in which a plurality of 
label switched paths between an ingress node and an egress node are provided, and the 
incoming traffic at the ingress node is labeled and delivered through the network to the 
egress node, the method includes allocating a plurality of forwarding elements of the 
incoming traffic at the ingress node for the jjJuAlity of label switched paths; and 
delivering the labeled traffic on the plurality of label switched paths on a forwarding 
element basis so as to route the labeled traffic through the network to the egress node. 




The above-described invention may further equally allocate the forwarding 
elements for the plurality of label switched paths. 

According to the above-described invention, the method for selection of paths to 
route the incoming traffic through the communication network is effective in dispersing 
5 the traffic load to the selected paths on the network and in optimizing the use of network 
resources. Reversing of a sequence (receiving out of order) of data packets sent by the 
same terminal, at the egress node of the network can be effectively reduced. 

A further embodiment provides a method for selection of paths to route incoming 
']% traffic through a communication network in which a plurality of label switched paths 

izio between an ingress node and an egress node are provided, and the incoming traffic at the 
SU ingress node is labeled and delivered through the network to the egress node, the method 

j =3 includes allocating a plurality of forwarding equivalent class (FEC) elements of the 

] n incoming traffic at the ingress node for the plurality of label switched paths, the 

]% respective label switched paths being tied to physical links having predetermined data 

dl5 rates, and the number of FEC elements allocated for each of the label switched paths 
being proportional to the predetermined data rate of the label switched path; and 
delivering the labeled traffic on the plurality of label switched paths on an FEC-element 
basis so as to route the labeled traffic through the network to the egress node. 

According to the above-described invention, the method for selection of paths to 
20 route the incoming traffic through the communication network is effective in dispersing 
the traffic load to the selected paths on the n^t^ork and in optimizing the use of network 
resources. Concentration of the traffic load on a specific path of the network can be 
effectively avoided. 




Another method for the selection of paths to route incoming traffic through a 
communication network in which a plurality of label switched paths between an ingress 
node and an egress node are provided, and the incoming traffic at the ingress node is 
labeled and delivered through the network to the egress node, the method includes 
5 allocating a plurality of FEC elements of the incoming traffic at the ingress node for the 
plurality of label switched paths, the respective label switched paths being tied to 
physical links having predetermined weight factors, and the number of FEC elements 
allocated for each of the label switched paths being proportional to the predetermined 
weight factor of the physical links; and delivering the labeled traffic on the plurality of 

;40 label switched paths on an FEC-element basis so as to route the labeled traffic through 

jit the network to the egress node. 

O According to the above-described invention, the method for selection of paths to 

route the incoming traffic through the communication network is effective in dispersing 
; « the traffic load to the selected paths on the network and in optimizing the use of network 

;5 5 resources. The traffic load dispersion to the selected paths can be effectively suited to the 
network management conditions specified by a network administrator. 

The invention further provides a method for selection of paths to route an 
incoming traffic through a communication network in which a plurality of label switched 
paths between an ingress node and an egress node are provided, and the incoming traffic 
20 at the ingress node is labeled and delivered through the network to the egress node, the 
method includes assigning one of a set of pri$>rffies for each of the plurality of physical 
links and the plurality of label switched paths being allocated to the physical links; 
allocating a plurality of forwarding equivalent class (FEC) elements of the incoming 




traffic at the ingress node for the plurality of label switched paths in order of the 
respective priorities of the plurality of physical links until an amount of the traffic 
delivered on one of the plurality of physical links having a first priority; and delivering 
the labeled traffic on the plurality of label switched paths on an FEC-element basis so as 
5 to route the labeled traffic through the network to the egress node, wherein, after the 

amount of the traffic delivered on the one of the plurality of physical links has exceeded 
the predetermined threshold, the traffic is routed to others of the plurality of label 
switched paths having physical links of a second priority lower than the first priority of 
■5 the one of the plurality of physical links. 

□0 According to the above-described invention, the method for selection of paths to 

!U route the incoming traffic through the communication network is effective in dispersing 

■ 

3 the traffic load to the selected paths on the network and in optimizing the use of network 

\2 resources. By assigning the first priority for main route paths of the network and the 

; fl second priority for sub-route paths of the network, the traffic load dispersion to the 

i 3 5 selected paths can be effectively achieved. 

Another embodiment provides a method for selecting paths to route incoming 
traffic through a communication network in which a plurality of label switched paths 
between an ingress node and an egress node are provided, and the incoming traffic at the 
ingress node is labeled and delivered through the network to the egress node, the method 
20 includes allocating a plurality of FEC priorities for a plurality of forwarding equivalent 
class FEC elements of the incoming traffic aj tffe ingress node; assigning one of a set of 
priorities for each of the plurality of physical links and allocating the plurality of label 
switched paths to the plurality of physical links; allocating the plurality of FEC elements 




of the incoming traffic at the ingress node for the plurality of label switched paths in 
order of the respective priorities of the plurality of physical links and in order of the 
respective FEC priorities of the plurality of FEC elements; and delivering the labeled 
traffic on the plurality of label switched paths on an FEC-element basis so as to route the 
5 labeled traffic through the network to the egress node. 

According to the above-described invention, the method for selection of paths to 
route the incoming traffic through the communication network is effective in dispersing 
the traffic load to the selected paths on the network and in optimizing the use of network 
!S resources. The traffic load dispersion to the selected paths can be achieved with 

ido increased flexibility by the allocation of the path priorities and the FEC priorities 
I V specified by a network administrator. 

□ The invention provides an ingress-node apparatus for path selection to route 

n incoming traffic through a communication network in which a plurality of label switched 

;S paths between an ingress node and an egress node are provided, and the incoming traffic 

r|5 at the ingress node is labeled and delivered through the network to the egress node. An 
FEC allocation unit equally allocates a plurality of FEC elements of the incoming traffic 
at the ingress node for the plurality of label switched paths; and a traffic delivery unit 
which delivers the labeled traffic on the plurality of label switched paths on an FEC- 
element basis so as to route the labeled traffic through the network to the egress node. 
20 According to the above-described invention, the selection of paths to route the 

incoming traffic through the communication^ltwork is effective in dispersing the traffic 
load to the selected paths on the network and in optimizing the use of network resources. 




Reversing of a sequence of data packets sent by the same terminal (packets out of order), 
at the egress node of the network can be effectively reduced. 

The invention further provides an ingress-node apparatus for selection of paths to 
route incoming traffic through a communication network in which a plurality of label 
5 switched paths between an ingress node and an egress node are provided, and the 

incoming traffic at the ingress node is labeled and delivered through the network to the 
egress node. An FEC allocation unit which allocates a plurality of forwarding equivalent 
class FEC elements of the incoming traffic at the ingress node for the plurality of label 
]% switched paths, the respective label switched paths being tied to a a plurality of physical 

iijo links having predetermined data rates, and the number of FEC elements allocated for 
IU each of the label switched paths being proportional to the predetermined data rate of the 

; 3 physical links. A traffic delivery unit delivers the labeled traffic on the plurality of label 

:^ switched paths on a FEC-element basis so as to route the labeled traffic through the 

^ network to the egress node. 

ql5 According to the above-described invention, the apparatus for selection of paths 

to route the incoming traffic through the communication network is effective in 
dispersing the traffic load to the selected paths on the network and in optimizing the use 
of network resources. Concentration of the traffic load on a specific path of the network 
can be effectively avoided. 
20 Another embodiment provides an ingress-node apparatus for selection of paths to 

route incoming traffic through a communicajtefli network in which a plurality of label 
switched paths between an ingress node and an egress node are provided, and the 
incoming traffic at the ingress node is labeled and delivered through the network to the 




egress node, the apparatus including: an FEC allocation unit which allocates a plurality of 
forwarding equivalent class FEC elements of the incoming traffic at the ingress node for 
the plurality of label switched paths, the respective label switched paths being tied to a 
plurality of physical links having predetermined weight factors, and the number of FEC 
5 elements allocated for each of the label switched paths being proportional to the 
predetermined weight factor of the physical link; and a traffic delivery unit which 
delivers the labeled traffic on the plurality of label switched paths on an FEC-element 
basis so as to route the labeled traffic through the network to the egress node. 
]% According to the above-described invention, the apparatus for selection of paths 

do to route the incoming traffic through the communication network is effective in 
iy dispersing the traffic load to the selected paths on the network and in optimizing the use 

3 of network resources. The traffic load dispersion to the selected paths can be effectively 

i[7 suited to the network management conditions specified by a network administrator, 

in The invention further provides an ingress-node apparatus for selection of paths to 

35 route incoming traffic through a communication network in which a plurality of label 
switched paths between an ingress node and an egress node are provided, and the 
incoming traffic at the ingress node is labeled and delivered through the network to the 
egress node, and one of a set of priorities is assigned for each of the plurality of physical 
links and the plurality of label switched paths being allocated to the physical links. An 
20 FEC allocation unit allocates a plurality of forwarding equivalent class (FEC) elements of 
the incoming traffic at the ingress node for t£e plurality of label switched paths in order 
of the respective priorities of the plurality of physical links until an amount of the traffic 
delivered on one of the plurality of physical links having a first priority exceeds a 




predetermined threshold; and a traffic delivery unit delivers the labeled traffic on the 
plurality of label switched paths on an FEC-element basis so as to route the labeled traffic 
through the network to the egress node. After the amount of the traffic delivered on the 
one of the plurality of physical links has exceeded the predetermined threshold, the traffic 
5 is routed to others of the plurality of physical links having a second priority lower than 
the first priority of the one of the plurality of physical links. 

According to the above-described invention, the apparatus for selection of paths 
to route the incoming traffic through the communication network is effective in 
!s dispersing the traffic load to the selected paths on the network and in optimizing the use 

idO of network resources. By assigning the first priority for main route paths of the network 
!« and the second priority for sub-route paths of the network, the traffic load dispersion to 

13 the selected paths can be effectively achieved. 

;^ The invention further provides an ingress-node apparatus for selection of paths to 

route incoming traffic through a communication network in which a plurality of label 

315 switched paths between an ingress node and an egress node are provided, and the 

incoming traffic at the ingress node is labeled and delivered through the network to the 
egress node, a plurality of FEC priorities being allocated for a plurality of forwarding 
equivalent class FEC elements of the incoming traffic at the ingress node, and one of a 
set of priorities being assigned for each of the plurality of physical links and the plurality 
20 of label switched paths being allocated to the plurality physical links. An FEC allocation 
unit allocates the plurality of FEC elements jjf the incoming traffic at the ingress node for 
the plurality of label switched paths in order of the respective priorities of the plurality of 
label switched paths and in order of the respective FEC priorities of the plurality of FEC 




elements; and a traffic delivery unit delivers the labeled traffic on the plurality of label 
switched paths on an FEC-element basis so as to route the labeled traffic through the 
network to the egress node. 

According to the above-described invention, the apparatus for selection of paths 
5 to route the incoming traffic through the communication network is effective in 

dispersing the traffic load to the selected paths on the network and in optimizing the use 
of network resources. The traffic load dispersion to the selected paths can be achieved 
with increased flexibility by the allocation of the path priorities and the FEC priorities 

3 

fi specified by a network administrator. 

30 BRTRF DESCRIPTION OF THE DRAWINGS 

V FIG. 1 is a diagram for explaining the concept of LSP (Label Switched Path) load 

- dispersion in MPLS adaptive traffic engineering (MATE) according to the path selection 

I method of the invention. 

n FIG. 2 is a block diagram of an ingress LSR (Label Switched Router) on an 

35 MPLS network to which the MPLS adaptive traffic engineering is applied. 

FIG. 3 is a diagram for explaining an FEC (Forward Equivalent Class) routing 
table in the ingress LSR. 

FIG. 4 is a diagram for explaining an FEC-label mapping table in the ingress 

LSR. 

20 FIG. 5 is a diagram for explaining an FEC-label mapping table in a first preferred 

embodiment of the ingress LSR. M -- 0 

FIG. 6 is a diagram for explaining an FEC-label mapping table in a second 
preferred embodiment of the ingress LSR. 




FIG. 7 is a diagram for explaining an FEC-label mapping table in a third preferred 
embodiment of the ingress LSR. 

FIG. 8 is a diagram for explaining an FEC-label mapping table in a fourth 
preferred embodiment of the ingress LSR. 
5 FIG. 9 is a diagram for explaining an FEC-label mapping table in the fourth 

preferred embodiment of the ingress LSR. 

FIG. 10 is a diagram for explaining an FEC-label mapping table in a fifth 
preferred embodiment of the ingress LSR. 
J FIG. 1 1 is a block diagram of an intermediate LSR on the MPLS network. 

1 30 FIG. 12 is a diagram for explaining a label mapping table in the intermediate 

\U LSR. 

j 3 FIG. 13 is a block diagram of an egress LSR on the MPLS network. 

FIG. 14 is a diagram for explaining the relationship between a physical link 
J (port), LSPs, and FECs. 

;35 FIG. 15 is a diagram for explaining packet forwarding using the FEC-Label 

Mapping Table of FIG. 5 
DPT AILED DESCRIPTION 

A description will now be provided of preferred embodiments of the present 
invention with reference to the accompanying drawings. 
20 The scheme of Multiprotocol Label Switching MPLS adaptive traffic engineering 

(often called MATE) has the potential for effectively optimizing the use of network 
resources. In order to achieve this scheme, it is desired to provide a data communication 
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network having a capability of selecting a plurality of paths passing through a router at an 

arbitrary node of the network when transmitting data on the network. 

For example, when the traffic load on a certain path becomes too heavy, another 
path having a larger capacity can be selected for transmitting the traffic through the other 
path with the large capacity, rather than through the overloaded path. Hence, by making 
use of the MPLS, the traffic load can be effectively dispersed to the selected paths on the 
network and a long-term congestion state of the network can be avoided. If a plurality of 
label switched paths within the MPLS network are predefined for transmitting the 
incoming traffic addressed to a same destination according to the load dispersion 
capability of the MPLS, it is possible to disperse the incoming traffic load to the selected 
ones of the plurality of paths by routing the majority part of the incoming traffic to the 
selected paths and the remainder to other paths of the plurality of paths. In addition to the 
load dispersion capability provided by the MPLS, it is possible to attach a small, much- 
abbreviated label in the packet header, which is arbitrarily selected regardless of the IP 
address of the packet. Hence, it is possible to easily carry out the load dispersion routing 
to the label switched paths. 

Further, in the MPLS scheme, an incoming data packet at the ingress node of the 
network is grouped into a plurality of FEC (forwarding equivalent class) elements, and 
the plurality of FEC elements of the packet are allocated for the plurality of label 
switched paths on the network on an FEC-element basis. The grouping of the packet into 
the FEC elements can be arbitrarily performed* which need not be in conformity with the 
full IP address carried by the packet. For example, the grouping of the packet into the 
FEC elements may be performed by using either the prefix or part of the IP address of the 




packet or the destination IP address of the packet. FIG. 1 shows the concept of the label 
switched path (LSP) load dispersion in the MPLS adaptive traffic engineering (MATE) 
according to the method of the present invention. 

FIG. 14 shows the concept of the relationship between a physical link (port), label 
5 switched paths, and forward equivalent class elements (FECs). 

In FIG. 1, a traffic engineering area of a label switching network (hereinafter 
called MPLS network) between ingress LSR (label switching router) 10 and an egress 
LSR 12 is illustrated. In the traffic engineering area between the ingress LSR 10 and the 
n egress LSR 12, a label switched path (LSP) 21 and a label switched path (LSP) 22 are 

30 predefined. 

iU For the sake of simplicity of description, suppose that only two LSPs are provided 

3 in the traffic engineering area of the MPLS network. However, it would be readily 

[7 understood that three or more LSPs may be provided in the traffic engineering area of the 

% MPLS network. Further, the data rate of the physical link of LSP 21 and the data rate of 

3 5 the physical link of LSP 22 may be different from each other. Generally, a packet- 
switched network, such as the MPLS network, can carry out data-rate conversion. Two 
routers of different data rates can exchange packets, since each connects to its node at its 
proper data rate. 

Suppose that, in the MPLS network of FIG. 1, the LSP 21 extends from the 
20 ingress LSR 10 to the egress LSR 12 through two intermediate LSRs 13 and 14, while the 
LSP 22 extends from the ingress LSR 10 to Regress LSR 12 through two intermediate 
LSRs 15 and 16. 

In accordance with network management conditions specified by a network 




administrator, an incoming data packet at the ingress LSR 10 is grouped into a plurality 
of FEC elements, such as FEC#1, FEC#2, FEC#3 and FEC#4, and the plurality of FEC 
elements of the incoming packet are allocated for the label switched paths 21 and 22. 
Hereinafter, FEC#1 and others are called FEC IDs. One or more FEC elements can be 
5 allocated for a single label switched path and one or more label switched paths may be 

allocated to a single physical link. A plurality of FEC IDs are predetermined for the FEC 
elements allocated for the label switched paths 21 and 22 at the ingress LSR 10. 

In the present embodiment, as shown in FIG. 1, the FEC #1 and the FEC #2 are 
!| allocated for the LSP 21, and the FEC #3 and the FEC #4 are allocated for the LSP 22. In 

iiO order to attain the LSP load dispersion on the MPLS network, the distribution of data 
I y elements of the incoming packet to the respective label switched paths within the MPLS 

j 3 network in the present embodiment is performed on an FEC-element basis. 

!]7 Further, suppose that the MPLS network of the present embodiment to which the 

in MPLS adaptive traffic engineering is applied is intended for speeding up data 

□15 communication over an ATM network. Suppose that a separate IP-based network, other 
than the ATM network, is connected to the egress edge of the MPLS network of the 
present embodiment. 

FIG. 2 is. a block diagram of the ingress LSR 10 on the MPLS network to which 
the MPLS adaptive traffic engineering is applied. 
20 As shown in FIG. 2, the ingress LSR 10 generally comprises a header analysis 

unit 3 1, an FEC retrieval unit 32, an FEC rojjtifig table 34, an ATM cell generator unit 
33, an FEC-labei mapping unit 35, and an FEC-label mapping table 36. As a stream of IP 




data packets enter the ingress edge of the MPLS network, the first incoming data packet 
is received at an input terminal 30 of the header analysis unit 3 1 . 

In the ingress LSR of FIG. 2, the header analysis unit 3 1 analyzes the IP packet 
header, which precedes the incoming data packet. The header analysis unit 31 reads, 
5 from the header, a source IP address, a destination IP address, a source TCP/UDP port 
identifier, a destination TCP/UDP port identifier. The header analysis unit 3 1 supplies 
the read header elements to the FEC retrieval unit 32, and, in parallel to this, the header 
analysis unit 3 1 supplies the data packet to the ATM cell generator unit 33. 
J In the ingress LSR of FIG. 2, the FEC retrieval unit 32 produces a specific FEC 

iiiO ID (and its FEC priority) from the received header elements (the source IP address, the 
! y destination IP address, the source TCP/UDP port ID, the destination TCP/UDP port ID) 

3 by retrieving the FEC routing table 34 (shown in FIG. 3) based on the received header 

J elements. The specific FEC ID, obtained by the FEC retrieval unit 32, is used to 

In determine a forwarding equivalent class FEC to which the incoming data packet pertains, 

ijs FIG. 3 shows an FEC routing table 34 in the ingress LSR of FIG, 2. For example, 

the FEC routing table 34 is stored in a memory of the ingress LSR 10. As shown in FIG. 
3, the FEC routing table 34 contains a plurality of records corresponding to a plurality of 
predetermined FEC IDs, each record having a source IP address field, a destination IP 
address field, a source TCP/UDP port ID field, a destination TCP/UDP port ID field, and 
20 an FEC priority field, corresponding to one of the plurality of predetermined FEC IDs 
allocated for the label switched paths 21 and^22. 

In the FEC routing table of FIG. 3, the source IP address field defines an IP 
address of a source terminal or an IP address of an external network including the source 



terminal. In a case of the source terminal's IP address, the source IP address is a unique, 
32-bit terminal address identifier that is expressed in dotted decimal form with four 
address fields, such as "10.25.1.1". In a case of the network's IP address, the source IP 
address is a unique network address identifier that is expressed in dotted decimal form 
with four address fields with a prefix, such as "10.25.2.0/24". The prefix '724" in the 
example "10.25.2.0/24" means that only the upper 24 bits of the 32-bit identifier are valid 
to identify the source network address, that is, the source network IP address is "10.25.2". 

In the FEC routing table of FIG. 3, the destination IP address field defines an IP 
address of a destination terminal or an IP address of an external network including the 
destination terminal. In a case of the destination terminal's IP address, the destination IP 
address is a unique, 32-bit terminal address identifier that is expressed in dotted decimal 
form with four address fields, such as "10.25.1.1". In a case of the network's BP address, 
the destination IP address is a unique network address identifier that is expressed in 
dotted decimal form with four address fields with a prefix, such as "10.25.2.0/24". The 
prefix "/24" in the example "10.25.2.0/24" means that only the upper 24 bits of the 32-bit 
identifier are valid to identify the destination network address, that is, the destination 
network's IP address is "10.25.2". 

In the FEC routing table of FIG. 3, the source TCP/UDP port ID field defines a 
TCP (transmission control protocol) port identifier or UDP (user datagram protocol) port 
identifier of the source terminal. The source TCP/UDP port ID is obtained by reading the 
TCP/UDP packet header included in the IP £a<?ket. For example, the source TCP/UDP 
port ID "20", shown in FIG. 3, means that an FTP (file transfer protocol) application as a 
TCP layer application, is the source of the incoming IP packet. 




In the FEC routing table of FIG. 3, the destination TCP/UDP port ID field defines 
a TCP port identifier or UDP port identifier of the destination terminal. The destination 
TCP/UDP port ID is obtained by reading the TCP/UDP packet header included in the IP 
packet. The FEC routing table of FIG. 3 contains both the source TCP/UDP port ID field 
5 and the destination TCP/UDP port ID field. Generally, the port ID, designated by the 
client, is exchanged between the client and the server. However, it is uncertain whether 
the client or the server is the source terminal or the destination terminal. Hence, the FEC 
routing table of FIG. 3 contains both the source port ID field and the destination port ID 

Further, in the FEC routing table of FIG. 3, the FEC priority field defines an FEC 
ilj priority that is used to set a specific priority level for one of the plurality of 

□ predetermined FEC IDs allocated for the label switched paths 21 and 22. 

^ In the ingress LSR of FIG. 2, the FEC retrieval unit 32 supplies the specific FEC 

ID (and its FEC priority), obtained by retrieving the FEC routing table 34 based on the 
| j5 above packet header elements, to the FEC-label mapping unit 35. 

The FEC-label mapping unit 35 is connected to the FEC-label mapping table 36, 
and produces a specific label value and a specific output port ID from the received FEC 
ID by retrieving the FEC-label mapping table 36 (which is shown in FIG. 4) based on the 
FEC ID. The FEC-label mapping unit 35 supplies the label value and the output port ID 
20 to the ATM cell generator unit 33. 

FIG. 4 shows an FEC-label mappingtafcle 36 in the ingress LSR of FIG. 2. For 
example, the FEC-label mapping table 36 is stored in a memory of the ingress LSR 10. 
As shown in FIG. 4, the FEC-label mapping table 36 contains a plurality of records 




corresponding to the plurality of predetermined FEC IDs, each record having a label 
value address field and an output port ID, corresponding to one of the plurality of 
predetermined FEC IDs allocated for the label switched paths. In the example of FIG. 4 
there are four label switched paths and each label switched path is allocated to a different 
5 physical link. 

As shown in FIG. 4, the predetermined FEC IDs, such as #1, #2, etc., in the FEC- 
label mapping table are the same as those corresponding elements in the FEC routing 
table of FIG. 3. The label value field of each record in the FEC-label mapping table of 
! i FIG. 4 defines a label value corresponding to one of the predetermined FEC IDs, such as 

rlO LO, LI, etc. The output port ID field in the FEC-label mapping table defines an output 
iy port ID corresponding to one of the predetermined FEC IDs, such as PO, P 1 , etc. FIG. 

O 14 shows the relationship between the output port, label switched paths, and the FECs. 

|* In the ingress LSR of FIG. 2, the ATM cell generator unit 33 generates an ATM 

cell from the IP data packet sent by the header analysis unit 3 1 . In parallel to this, the 
ij5 ATM cell generator unit 33 produces a label from the label value sent by the FEC-label 
mapping unit 35, and attaches the label to the header (the VPI/VCI field) of the ATM 
cell. In the header format of the ATM cell, the virtual path identifier (VPI) is 8 bits at the 
user-network interface and 12 bits at the network-network interface, allowing for more 
virtual paths to be supported within the network. The virtual channel identifier (VCI) is 
20 used for routing to and from the end user. 

The ATM cell generator unit 33 deli^effc the labeled ATM cell from its output 
port indicated by the output port ID (sent by the FEC-label mapping unit 35), to the 
individual downstream LSR on the MPLS network. 




A description will now be given of a first preferred embodiment of the path 
selection method and apparatus of the present invention with reference to FIG. 5. 

FIG. 5 shows an FEC-label mapping table in the first preferred embodiment of the 
ingress LSR on the MPLS network. 
5 In the present embodiment, the ingress LSR 10 generally comprises the header 

analysis unit 3 1, the FEC retrieval unit 32, the FEC routing table 34, the ATM cell 
generator unit 33, the FEC-label mapping unit 35 and the FEC-label mapping table 36, 
which are essentially the same as corresponding elements in FIG. 2 except that the FEC- 
i label mapping table 36 in the present embodiment is configured as shown in FIG. 5, and 

40 the FEC-label mapping unit 35 produces the label value and the output port ID in 
tj response to the FEC ID by retrieving the FEC-label mapping table of FIG. 5. 

□ As shown in FIG. 5, in the FEC-label mapping table 36 of the present 

^ embodiment, the plurality of FEC elements of the incoming traffic at the ingress node of 

i the MPLS network are equally allocated for the plurality of label switched paths (LSPs). 

is? 

3 5 Suppose that, in the example of FIG. 5, the number of the FEC IDs in the FEC-label 
mapping table 36 is 10, and the number of the output ports in the table 36 is 5. In this 
example the number of output ports corresponds to the number of LSPs in the network by 
chance. In such a case, two of the ten FEC IDs are allocated to one of the five output port 
IDs as shown in FIG. 5. The relationship between the FEC IDs, the label switched paths, 
20 and the physical link (output port) is shown in FIG. 15. 

In the ingress LSR 10 in which the FE(?-label mapping table 36 of FIG. 5 is 
incorporated, the FEC retrieval unit 32 and the FEC-label mapping unit 35 equally 
allocate the plurality of FEC elements of the incoming traffic at the ingress node for the 




plurality of LSPs, as shown in FIG. 15. The ATM cell generator unit 33 delivers the 
labeled traffic on the plurality of LSPs on an FEC-element basis so as to route the labeled 
traffic through the MPLS network to the egress node. 

In the present embodiment, the plurality of FEC elements of the incoming traffic 
5 at the ingress node are equally allocated for the label switched paths and the label 
switched paths are equally allocated to the physical links, and the labeled traffic is 
delivered on the selected paths on an FEC-element basis. The path selection method and 
apparatus of the present embodiment is effective in dispersing the traffic load to the 
% selected paths on the network and in optimizing the use of network resources. In 

HO particular, the reversing of the sequence of data packets sent by the same terminal, at the 
V egress node (the egress LSR 12) of the network can be effectively prevented. Although 

3 the FEC IDs are equally allocated in this embodiment that would not necessarily have to 

7 be the case. 

% In the above-described embodiment, the delivery of the labeled traffic on the 

j5 selected paths is performed at the ingress LSR 10 on an FEC-element basis. 

Alternatively, the delivery of the labeled traffic on the selected paths may be performed 
on a packet basis. In the alternative embodiment, it is possible to effectively disperse the 
traffic load on the individual paths into the selected paths. However, if the incoming 
traffic is divided into a series of packets, such packets will be delivered on different paths 
20 of the network to the egress node. In such a case, it is necessary that the egress LSR 12 
reassemble the packets, received from the diffident paths, into the original message. 

A description will now be given of a second preferred embodiment of the path 
selection method and apparatus of the present invention with reference to FIG. 6. 




FIG. 6 shows an FEC-label mapping table in the second preferred embodiment of 
the ingress LSR on the MPLS network. 

In the present embodiment, the ingress LSR 10 generally comprises the header 
analysis unit 31, the FEC retrieval unit 32, the FEC routing table 34, the ATM cell 
5 generator unit 33, the FEC-label mapping unit 35 and the FEC-label mapping table 36, 
which are essentially the same as corresponding elements in FIG. 2 except that the FEC- 
label mapping table 36 in the present embodiment is configured as shown in FIG. 6, and 
the FEC-label mapping unit 35 produces the label value and the output port ID in 
t response to the FEC ID by retrieving the FEC-label mapping table of FIG. 6. 

IjlO As shown in FIG. 6, in the FEC-label mapping table 36 of the present 

U embodiment, the plurality of FEC elements of the incoming traffic at the ingress node of 

□ the MPLS network are allocated for the plurality of LSPs such that the respective LSPs 

^ which are allocated to physical links which have predetermined data rates and the number 

i of FEC elements, allocated for each physical link, is proportional to the predetermined 

□1 5 data rate of that physical link. 

Suppose that, in the example of FIG. 6, the number "M" of the FEC IDs in the 
FEC-label mapping table 36 is 10, and the number of the output ports in the table 36 is 3. 
Further, in the example of FIG. 6, the corresponding physical link for the output port P0 
has a first data rate "a" (= 1 Mbps), the corresponding physical link for the output port PI 
20 has a second data rate "b" (= 3 Mbps), and the corresponding physical link for the output 
port P2 has a third data rate "c" (= 6 Mbps)^> 

In the above-mentioned case, the number of FEC elements allocated for the LSP1 
(which is indicated by "L0"), the number of FEC elements allocated for the LSP2, LSP3, 




and LSP4 (which is indicated by "L1-L3"), and the number of FEC elements allocated 
for the LSP5-LSP10 (which is indicated by "L4-L9") are determined in accordance with 
the following equations. 

LO = M*a/(a + b + c) 
5 Ll-L3 = M*b/(a + b + c) 

L4-L9 = M*c/(a + b + c) 
Substituting M=10, a=l, b=3, and c=6 into the above equations yields L0=1, Ll- 
L3=3, and L4-L9=6. As in the FEC-label mapping table of FIG. 6, the FEC#1 is 
! 2 allocated for the output port PO (corresponding to the LSP1 in this example), the FEC#2, 

; =|0 FEC#3 and FEC#4 are allocated for the output port PI (corresponding to the L1-L3 in 
m this example), and the FEC#5-FEC#10 are allocated for the output port P2 

□ (corresponding to the L4-L9 in this example). 

H = In the ingress LSR 10 in which the FEC-label mapping table 36 of FIG. 6 is 

! 3 incorporated, the FEC retrieval unit 32 and the FEC-label mapping unit 35 allocate the 

Si 5 plurality of FEC elements of the incoming traffic at the ingress node for the plurality of 
LSPs such that the number of FEC elements allocated for each of the LSPs is 
proportional to the predetermined data rate of the physical link. The ATM cell generator 
unit 33 delivers the labeled traffic on the plurality of LSPs on an FEC-element basis so as 
to route the labeled traffic through the MPLS network to the egress node. 
20 In the present embodiment, the plurality of FEC elements of the incoming traffic 

at the ingress node are allocated for the labej^ switched paths in the data-rate-proportional 
manner, and the labeled traffic is delivered on the selected paths on an FEC-element 
basis. The path selection method and apparatus of the present embodiment is effective in 




dispersing the traffic load to the selected paths on the network and in optimizing the use 
of network resources. In particular, concentration of the traffic load on a specific path of 
the network can be effectively avoided. This will be effective in preventing the slowness 
of data transmission on the communication network caused by the delay of the specific 
5 path where the traffic load is concentrated. 

A description will now be given of a third preferred embodiment of the path 
selection method and apparatus of the present invention with reference to FIG. 7. 

FIG. 7 shows an FEC-label mapping table in the third preferred embodiment of 
the ingress LSR on the MPLS network. 
; =:10 In the present embodiment, the ingress LSR 10 generally comprises the header 

m analysis unit 3 1 , the FEC retrieval unit 32, the FEC routing table 34, the ATM cell 

□ generator unit 33, the FEC-label mapping unit 35 and the FEC-label mapping table 36, 

^ which are essentially the same as corresponding elements in FIG. 2 except that the FEC- 

label mapping table 36 in the present embodiment is configured as shown in FIG. 7, and 
:5l5 the FEC-label mapping unit 35 produces the label value and the output port ID in 
response to the FEC ID by retrieving the FEC-label mapping table of FIG. 7. 

As shown in FIG. 7, in the FEC-label mapping table 36 of the present 
embodiment, the plurality of FEC elements of the incoming traffic at the ingress node of 
the MPLS network are allocated for the plurality of LSPs. The plurality LSPs is tied to 
20 the physical links such that the respective physical links have predetermined weight 

factors, and the number of FEC elements, allotted for each physical link, is proportional 
to the predetermined weight factor of that physical link. 

Suppose that, in the example of FIG. 7, the number "M" of the FEC IDs in the 




FEC-label mapping table 36 is 10, and the number of the output ports in the table 36 is 3. 
Further, in the example of FIG. 7, the corresponding LSP1 and LSP2 for the output port 
P0 has a first weight factor "wl" (= 20%), the corresponding LSP3-LSP7 for the output 
port PI has a second weight factor "w2" (= 50%), and the corresponding LSP8-LSP10 
5 for the output port P2 has a third weight factor "w3" (= 30%). 

In the above-mentioned case, the number of FEC elements allocated for the LSP1 
and LSP2 (which is indicated by "L0 and LI"), the number of FEC elements allocated for 
the LSP3-LSP7 (which is indicated by "L2-L6"), and the number of FEC elements 

2 allocated for the LSP8-LSP 1 0 (which is indicated by "L7-L9") are determined in 

AO accordance with the following equations. 

■ =5" 

m L0-L1 = M*wl/(wl + w2 + w3) 

□ L2-L6 = M* w2/(w 1 + w2 + w3) 

L7-L9 = M*w3/(wl + w2 + w3) 
2 Substituting M= 1 0, w 1 =20%, b=50%, and c=30% into the above equations yields 

L0-L1=2, L2-L6=5, and L7-L9=3. As in the FEC-label mapping table of FIG. 7, the 
FEC#1 and FEC#2 are allocated for the output port P0, the FEC#3-FEC#7 are allocated 
for the output port PI, and the FEC#8-FEC#10 are allocated for the output port P2. 

In the ingress LSR 10 in which the FEC-label mapping table 36 of FIG. 7 is 
incorporated, the FEC retrieval unit 32 and the FEC-label mapping unit 35 allocate the 
20 plurality of FEC elements of the incoming traffic at the ingress node for the plurality of 
LSPs such that the number of FEC element^ allocated for each of the LSPs is 
proportional to the predetermined weight factor of the physical link. The ATM cell 
generator unit 33 delivers the labeled traffic on the plurality of LSPs on an FEC-element 




basis so as to route the labeled traffic through the MPLS network to the egress node. 

In the present embodiment, the plurality of FEC elements of the incoming traffic 
at the ingress node are allocated for the plurality of label switched paths (LSPs) in the 
weight-factor-proportional manner, and the labeled traffic is delivered on the selected 
5 paths on an FEC-element basis. The path selection method and apparatus of the present 
embodiment is effective in dispersing the traffic load to the selected paths on the network 
and in optimizing the use of network resources. In particular, by determining the weight 
factors of the plurality of LSPs to appropriate values or the weight factors of the physical 
» links, the traffic load dispersion to the selected paths can be effectively suited to the 

40 network management conditions specified by the network administrator, 
ij A description will now be given of a fourth preferred embodiment of the path 

□ selection method and apparatus of the present invention with reference to FIG. 8 and FIG. 

* 9. 

t FIG. 8 shows an FEC-label mapping table in the fourth preferred embodiment of 

-1 5 the ingress LSR before an amount of the traffic delivered on the physical link PO having a 
first priority exceeds a predetermined threshold. FIG. 9 shows an FEC-label mapping 
table in the fourth preferred embodiment of the ingress LSR after the amount of the 
traffic delivered on the physical link PO has exceeded the threshold. 

In the present embodiment, the ingress LSR 10 generally comprises the header 
20 analysis unit 3 1, the FEC retrieval unit 32, the FEC routing table 34, the ATM cell 

generator unit 33, the FEC-label mapping unjt 35 and the FEC-label mapping table 36, 
which are essentially the same as corresponding elements in FIG. 2 except that the FEC- 
label mapping table 36 in the present embodiment is configured as shown in FIG. 8 or 




FIG. 9, and the FEC-label mapping unit 35 produces the label value and the output port 
ID in response to the FEC ID by retrieving the FEC-label mapping table of FIG. 8 or 
FIG. 9. 

Suppose that, in the present embodiment, one of a set of priorities is assigned for 
5 each of the plurality of physical links within the MPLS network. Any number of label 

switched paths may be allocated to each of the plurality of physical links such that it may 
be considered that the label switched paths assigned to the physical link have the priority 
of the physical link. 

As shown in FIG. 8 5 in the FEC-label mapping table 36 of the present 
;^}0 embodiment, the plurality of FEC elements of the incoming traffic at the ingress node of 
ill the MPLS network are allocated for the plurality of LSPs in order of the respective 

Q priorities of the plurality of LSPs before an amount of the traffic delivered on one of the 

|~ ! plurality of physical links having a first priority exceeds a predetermined threshold. 

1 Specifically, in the example of FIG. 8, the FEC#1, FEC#2 and FEC#3 are allocated for 

I jl 5 the first-priority LO, LI and L2corresponding to the output port PO before the amount of 
the traffic delivered on the physical link having the first priority exceeds the threshold. 

As shown in FIG. 9, after the amount of the traffic delivered on the physical link 
having the first priority has exceeded the threshold, in the FEC-label mapping table 36 of 
the present embodiment, the remainders of the plurality of FEC elements of the incoming 
20 traffic at the ingress node of the MPLS network are allocated to others of the plurality of 
physical links having a second priority lower tHan the first priority. Specifically, in the 
example of FIG. 9, the FEC#4 and FEC#5 (the subsequent ones of the plurality of FEC 
elements of the incoming traffic) are allocated for the second-priority physical link 




corresponding to the output port PI after the amount of the traffic delivered on the 
physical link having the first priority has exceeded the threshold. 

In the ingress LSR 10 in which the FEC-label mapping table 36 of FIG. 8 or FIG. 
9 is incorporated, the FEC retrieval unit 32 and the FEC-label mapping unit 35 allocate 
5 the plurality of FEC elements of the incoming traffic at the ingress node for the plurality 
of LSPs in order of the respective priorities of the plurality of physical link before the 
amount of the traffic delivered on one of the plurality of physical links having a first 
priority exceeds a predetermined threshold. After the amount of the traffic on the 
'1 physical link has exceeded the threshold, the FEC retrieval unit 32 and the FEC-label 

=40 mapping unit 35 allocate the remainders of the plurality of FEC elements of the traffic for 
ill others of the plurality of LSPs having physical links of a second priority lower than the 

□ first priority. The ATM cell generator unit 33 delivers the labeled traffic on the plurality 

^ of LSPs on an FEC-element basis so as to route the labeled traffic through the MPLS 

; ~ network to the egress node, wherein, after the amount of the traffic on the physical link 

i^5 has exceeded the threshold, the traffic is routed to others of the plurality of LSPs having 
physical links of a second priority lower than the first priority. 

In the present embodiment, an estimated amount of the traffic delivered on each 
of the plurality of physical links in the MPLS network can be calculated at the ingress 
LSR 10. For the purpose of the calculation of the estimated load on one of the plurality 
20 of physical links, the algorithm of the MPLS adaptive traffic engineering (MATE) 
proposed by the IETF (Internet EngineeringTafck Force) may be used. 

The scheme of the MATE has the potential for more effectively optimizing the 
use of network resources as compared with that in the conventional IP-based 




communication networks. In the present embodiment, which makes use of the scheme of 
the MATE, when the load of the traffic on a certain path becomes too heavy, another path 
having a larger capacity can be selected for transmitting the traffic through the other path 
with the large capacity, rather than through the overloaded path. Hence, by making use 
5 of the MATE, the path selection method and apparatus of the present embodiment can 
effectively disperse the incoming traffic load to the selected paths on the network and a 
long-term congestion state of the network can be avoided. 

In the present embodiment, the plurality of FEC elements of the incoming traffic 
5 at the ingress node are allocated for the plurality of LSPs in order of the respective 

30 priorities of the plurality of LSPs, and the labeled traffic is delivered on the selected paths 
m on an FEC-element basis. The path selection method and apparatus of the present 

□ embodiment is effective in dispersing the traffic load to the selected paths on the network 

M= and in optimizing the use of network resources. In particular, by assigning the first 

~ priority for main route paths of the network and the second priority for sub-route paths of 

4 5 the network, the traffic load dispersion to the selected paths can be effectively achieved. 

A description will now be given of a fifth preferred embodiment of the path 
selection method and apparatus of the present invention with reference to FIG. 10. 

FIG. 10 shows an FEC-label mapping table in the fifth preferred embodiment of 
the ingress LSR on the MPLS network. 
20 In the present embodiment, the ingress LSR 10 generally comprises the header 

analysis unit 31, the FEC retrieval unit 32, the^EC routing table 34, the ATM cell 
generator unit 33, the FEC-label mapping unit 35 and the FEC-label mapping table 36, 
which are essentially the same as corresponding elements in FIG. 2 except that the FEC- 




label mapping table 36 in the present embodiment is configured as shown in FIG. 10, and 
the FEC-label mapping unit 35 produces the label value and the output port ID in 
response to the FEC ID by retrieving the FEC-label mapping table of FIG. 10. 

Suppose that, in the present embodiment, one of a set of priorities is assigned for 
5 each of the plurality of LSPs within the MPLS network, and a plurality of FEC priorities 
are allocated for the plurality of FEC elements of the incoming traffic at the ingress node. 
In the present embodiment, the correlation between the FEC IDs and the FEC priorities is 
provided by the FEC routing table shown in FIG. 3, and the FEC retrieval unit 32 
2 supplies, to the FEC-label mapping unit 35, the correlated FEC priority, obtained from 

d 0 the specific FEC ID by retrieving the FEC routing table of FIG. 3 . 
jl! As shown in FIG. 1 0, in the FEC-label mapping table 36 of the present 

O embodiment, the plurality of FEC elements of the incoming traffic at the ingress node of 

;~ the MPLS network are allocated for the plurality of LSPs in order of the respective 

'£ priorities of the plurality of LSPs and in order of the respective FEC priorities of the 

15 5 plurality of FEC elements. 

Specifically, in the example of FIG. 10, a first FEC priority "0" is allocated for 
the LSP1 (with the first priority) corresponding to the output port "P0", a second FEC 
priority "1" is allocated for the LSP2 (with the second priority) corresponding to the 
output port "PI", a third FEC priority "2" is allocated for the LSP3 (with the third 
20 priority) corresponding to the output port "P2", a fourth FEC priority "3" is allocated for 
the LSP4 (with the fourth priority) corresponding to the output port P3, and fifth through 
seventh FEC priorities "5" to "7" are allocated for the LSP5 (with the low priority) 
corresponding to the output port P4. 




In the ingress LSR 10 in which the FEC-label mapping table 36 of FIG. 10 is 
incorporated, the FEC retrieval unit 32 and the FEC-label mapping unit 35 allocate the 
plurality of FEC elements of the incoming traffic at the ingress node for the plurality of 
LSPs in order of the respective priorities of the plurality of LSPs and in order of the 
5 respective FEC priorities of the plurality of FEC elements. The ATM cell generator unit 
33 delivers the labeled traffic on the plurality of LSPs on an FEC-element basis so as to 
route the labeled traffic through the MPLS network to the egress node. 

In the present embodiment, the plurality of FEC elements of the incoming traffic 
: n at the ingress node are allocated for the plurality of LSPs in order of the respective 

Jo priorities of the plurality of LSPs and in order of the respective FEC priorities of the 
1! plurality of FEC elements, and the labeled traffic is delivered on the selected paths on an 

Q FEC-element basis. The path selection method and apparatus of the present embodiment 

i~ : is effective in dispersing the traffic load to the selected paths on the network and in 

!i optimizing the use of network resources. In particular, the traffic load dispersion to the 

lib selected paths can be achieved with increased flexibility by the allocation of the path 
priorities and the FEC priorities specified by the network administrator. 

As has been described in the foregoing, the application of the path selection 
method and apparatus of the present invention to a packet-switched network makes it 
possible to disperse the incoming traffic load to the selected label switched paths. 
20 Further, it is possible to more effectively optimize the use of network resources as 

compared with that in the conventional IP-b^sdfl communication networks. In addition, 
the traffic load dispersion to the selected paths can be achieved with increased flexibility 
by the allocation of the path priorities and the FEC priorities specified by the network 




administrator. 

In each of the intermediate label switching routers (LSRs) 13 through 16 on the 
MPLS network, the incoming traffic at the input of each intermediate LSR is a labeled 
ATM cell. Each intermediate LSR reads an input label from the header of the labeled 
5 ATM cell, produces an output label corresponding to the input label, attaches the output 
label in the header of an outgoing ATM cell, and delivers the labeled ATM cell from its 
output port to a downstream LSR on the MPLS network. 

FIG. 1 1 is a block diagram of one of the intermediate LSRs 13 through 16 on the 
% MPLS network. 

Jo In the intermediate LSR of FIG. 1 1, an incoming labeled ATM cell is received at 

III a header analysis unit 4 1 . The header analysis unit 41 analyzes the header of the ATM 

O cell, reads, from the header, a label value (called the input label), and supplies the input 

label to a label retrieval unit 43. 

The label retrieval unit 43 is connected to a label mapping table 44. The label 
3 5 retrieval unit 43 produces an output label value (called the output label) and an output 

port ID from the received input label by retrieving the label mapping table 44 based on 

the input label. 

FIG. 12 shows a label mapping table 44 in the intermediate LSR of FIG. 1 1. As 
shown in FIG. 12, the label mapping table 44 contains a plurality of records 
20 corresponding to a plurality of predetermined input labels, such as IL0, IL1, etc. Each 

record includes an output label field and anc^utftut port ID field, which correspond to one 
of the predetermined input labels. 




In the label mapping table of FIG. 12, the output label field defines an output 
label or a label value corresponding to one of the predetermined input labels, such as 
OLO, OL1, etc. The output port ID field defines an output port ID corresponding to one 
of the predetermined input labels, such as PO, PI, etc. 
5 The label retrieval unit 43 supplies the output label and the output port ID, 

obtained from the label mapping table 44, to a label attaching unit 42. 

The label attaching unit 42 receives the ATM cell sent by the header analysis unit 
41, and attaches the output label, received from the label retrieval unit 43, in the header 
! i (the VPI/VPO field) of the received ATM cell. The label attaching unit 42 delivers the 

1 40 labeled ATM cell from its output port indicated by the output port ID (sent by the label 
IU retrieval unit 43), to the individual downstream LSR on the MPLS network. 

□ FIG. 13 is a block diagram of the egress LSR 12 on the MPLS network. 

^ In the egress LSR of FIG. 13, an incoming labeled ATM cell is received at a 

!s header analysis unit 5 1 . The header analysis unit 5 1 analyzes the header of the ATM cell, 

135 reads, from the header, a label value (called the input label), and supplies the input label 
to an FEC-label mapping unit 53. 

The FEC-label mapping unit 53 is connected to an FEC-label mapping table 55. 
The FEC-label mapping unit 53 produces an FEC ID (called output label) from the 
received input label by retrieving the FEC-label mapping table 55 based on the input 
20 label. The FEC-label mapping table 55 is configured in a manner that is essentially the 
same as the FEC-label mapping table shown jn^IG. 4. The FEC-label mapping unit 53 
supplies the FEC ID (the output label), obtained from the FEC-label mapping table 55, to 
an FEC retrieval unit 54. 
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The FEC retrieval unit 54 is connected to an FEC routing table 56. The FEC 
retrieval unit 54 produces a destination IP address and a destination TCP/UDP port ID 
from the received FEC ID by retrieving the FEC routing table 56 based on the FEC ID 
(the output label). The FEC routing table 56 is configured in a manner that is essentially 
the same as the FEC routing table shown in FIG. 3. The FEC retrieval unit 54 supplies 
the destination IP address and the destination TCP/UDP port ID, obtained from the FEC 
routing table 56, to an IP forwarding processor unit 52. 

The IP forwarding processor unit 52 receives the ATM cell sent by the header 
analysis unit 51, and reassembles the IP data packet from the received ATM cell. The IP 
forwarding processor unit 52 attaches the destination IP address, received from the FEC 
retrieval unit 54, in the header of the reassembled IP data packet. The IP forwarding 
processor unit 52 delivers the labeled IP data packet from its output port indicated by the 
destination TCP/UDP port ID (received from the FEC retrieval unit 54) to the destination 
of the external IP network (indicated by the destination IP address). 

The present invention is not limited to the above-described embodiments, and 
variations and modifications may be made without departing from the scope of the 
present invention. For example, in the above-described embodiments, data 
communication in the traffic engineering area between the ingress node (the ingress LSR 
10) and the egress node (the egress LSR 12) is carried out through the ATM network. 
Alternatively, an IP packet-switched network, a frame relay network, a point-to-point link 
or the like may be used, instead of the ATMjidfwork, as the communication medium 
through which the data is transmitted. 

In the above-described embodiments, the ingress LSR 10 of FIG. 1 corresponds to 
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the ingress node or the ingress-node apparatus. The egress LSR 12 of FIG. 1 corresponds 
to the egress node. The elements 32, 34, 35 and 36 of FIG. 2 wherein the FEC routing 
table 34 is configured as shown in FIG. 3 and the FEC-label mapping table 36 is 
configured as shown in any of FIG. 4, FIG. 5, FIG. 6, FIG. 7, FIG. 8 (or FIG. 9) and FIG. 
10, correspond to the FEC allocation unit or the allocating step. The elements 3 1 and 33 
of FIG. 2 correspond to the traffic delivery unit or the delivering step. 

As has been described above the method for selection of paths to route the 
incoming traffic through the communication network is effective in dispersing the traffic 
load to the selected paths on the network and in optimizing the use of network resources. 
Reversing of a sequence of data packets sent by the same terminal, at the egress node of 
the network can be effectively reduced. 

Further, the method for selection of paths to route the incoming traffic through the 
communication network is effective in dispersing the traffic load to the selected paths on 
the network and in optimizing the use of network resources. Concentration of the traffic 
load on a specific path of the network can be effectively reduced. 

Further, the method for selection of paths to route the incoming traffic through the 
communication network is effective in dispersing the traffic load to the selected paths on 
the network and in optimizing the use of network resources. The traffic load dispersion 
to the selected paths can be effectively suited to the network management conditions 
specified by a network administrator. 

In addition, the method for selectionpffcaths to route the incoming traffic through 
the communication network is effective in dispersing the traffic load to the selected paths 
on the network and in optimizing the use of network resources. By assigning the first 
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priority for main route paths of the network and the second priority for sub-route paths of 
the network, the traffic load dispersion to the selected paths can be effectively achieved. 

Further, the method for selection of paths to route the incoming traffic through the 
communication network is effective in dispersing the traffic load to the selected paths on 
the network and in optimizing the use of network resources. The traffic load dispersion 
to the selected paths can be achieved with increased flexibility by the allocation of the 
path priorities and the FEC priorities specified by a network administrator. 

The apparatus for selection of paths to route the incoming traffic through the 
communication network is effective in dispersing the traffic load to the selected paths on 
the network and in optimizing the use of network resources. Reversing of a sequence of 
data packets sent by the same terminal, at the egress node of the network can be 
effectively prevented. 

The apparatus for selection of paths to route the incoming traffic through the 
communication network is effective in dispersing the traffic load to the selected paths on 
the network and in optimizing the use of network resources. Concentration of the traffic 
load on a specific path of the network can be effectively avoided. 

The apparatus for selection of paths to route the incoming traffic through the 
communication network is effective in dispersing the traffic load to the selected paths on 
the network and in optimizing the use of network resources. The traffic load dispersion 
to the selected paths can be effectively suited to the network management conditions 
specified by a network administrator. 

The apparatus for selection of paths to route the incoming traffic through the 
communication network is effective in dispersing the traffic load to the selected paths on 




the network and in optimizing the use of network resources. By assigning the first 
priority for main route paths of the network and the second priority for sub-route paths of 
the network, the traffic load dispersion to the selected paths can be effectively achieved. 

The apparatus for selection of paths to route the incoming traffic through the 
communication network is effective in dispersing the traffic load to the selected paths on 
the network and in optimizing the use of network resources. The traffic load dispersion 
to the selected paths can be achieved with increased flexibility by the allocation of the 
path priorities and the FEC priorities specified by a network administrator. 



